The Belle detector at KEKB has collected 6.2 fb −1 of data at the Υ(4S) resonance. Presented here are preliminary measurements, from this data sample, of sin2φ 1 and other quantities relating to CP.
In the Standard Model, CP nonconservation occurs naturally in the charged current weak interactions of quarks and is manifested by the irreducibly complex character of the unitary 3 × 3 matrix known as the CKM matrix. Essential to the model is the unitarity of the matrix, which reduces the nine complex couplings to just four real parameters, often represented explicitly in the Wolfenstein parametrization:
A condition of unitarity, that the scalar product of any column with the complex conjugate of any other be zero, may be applied to the first and third columns to obtain
This may be represented as a closed triangle in the complex plane with a base of unit length on the real axis and apex coordinates (ρ, η) (Fig. 1 ). The angles of this "unitarity triangle" may be probed directly through CP asymmetries in B meson decay. The principal goal of the B factory experiments is to test the validity of the CKM picture through the observation and measurement of these asymmetries. Among the anticipated measurements, that of sin2φ 1 is considered to be the most statistically straightforward. A nonzero value of φ 1 would be manifested as an "indirect" CP asymmetry, a difference between the decays of B 0 andB 0 to a common final state of definite CP symmetry. The rate to final states f CP that are two-body modes with a charmonium and neutral K or π 0 is given by
where η b = +1(−1) for a B 0 (B 0 ), η CP = +1(−1) if CP is even (odd), and ∆t is the time interval from creation to the CP eigenstate decay. The asymmetry displays an oscillation as a function of the time between creation and decay but vanishes upon integration over time. "Direct" CP violation results in an asymmetry in integrated rate between a decay channel and its charge conjugate and is predicted for several modes which are sensitive to other CKM angles:
. Most of these modes are CKM-suppressed so that they are not only rare, they must contend with specific backgrounds from their CKM-favored counterparts. Many of them have yet to be observed.
The Belle experiment at the KEKB ring is designed to measure both types of asymmetry. At KEKB, 8.0 GeV electrons and 3.5 GeV positrons annihilate to produce the Υ(4S) resonance in motion with βγ = 0.425, and the experiment relies on this motion to measure the time-dependent asymmetry. The Υ(4S) is CP-odd and decays exclusively to BB pairs. The CP symmetry is conserved until the instant of the first B decay, which may thus be considered the instant of creation for the remaining B. The initial flavor of this B may be known through inspection of the first decay, a process known as "flavor tagging." The second decay is reconstructed in CP-eigenstate channels, and is termed the "CP tag." Because the two B's move slowly in the Υ(4S) center-of-mass (CM) frame (βγ = 0.06), their lab velocities are nearly equal, so that the displacement between their decay vertices is proportional to ∆t.
For all CP measurements the experiment will need a large sample of events. KEKB has achieved a luminosity of 2.0 × 10 33 cm −2 s −1 , and hopes to reach the design luminosity of 1 × 10 34 cm −2 s −1 in the next year. Between June 1999 and July 2000 the Belle experiment logged 6.2 fb −1 of integrated luminosity on the Υ(4S) resonance, plus 0.6 fb −1 at an energy just below the resonance. The preliminary estimate of the number of BB events in this sample is 6.34 × 10 6 . To measure sin2φ 1 , we first reconstruct CP tags in two-body decays to charmonium and K S , K L , or π 0 . Charmonia are reconstructed in the modes
and χ c → J/ψγ. Each event is then passed through a flavor tagging algorithm to determine the flavor of the other B decay. In each tagged event the two vertices are measured to obtain ∆t. An unbinned maximum likelihood fit to sin2φ 1 is then performed on the distribution in ∆t, accounting for the CP and flavor of each event. To make this measurement one must account for the backgrounds to the CP tag, the fraction of incorrect flavor tags, and various sources of uncertainty on the measurement of ∆t.
For fully reconstructed modes, criteria for charged particle identification and invariant mass are unrestrictive, designed to maximize efficiency while achieving good signal/background in the final sample. The signal is observed through the distributions of candidates in ∆E and M B ; ∆E, the difference between the candidate's reconstructed energy and the CM beam energy, centers at zero for signal with a width that is dominated by detector resolution (10-50 MeV), and M B = E * 2 beam − p * 2 cand , known as the beam-constrained mass, has a width determined by detector momentum resolution and accelerator beam energy spread. Figure 2 shows the distribution in M B of all fully reconstructed CP tag mode candidates that pass mode-dependent requirements on ∆E.
To reconstruct J/ψK L decays, we impose tighter constraints on the J/ψ candidates and require that the CM momentum fall within the range 1.42-2.00 GeV/c. The observed CM momentum of the J/ψ determines the average 4-momentum of the recoiling
• of the expected direction in the lab frame. The CM momentum of the candidate, p * cand , may then be evaluated by assuming that its mass is that of the B. The distribution in p * cand is fitted to a sum of expected distributions from signal and backgrounds, as shown in Fig. 2 . 
Only the first two of these methods are used for the results presented here. The numbers of reconstructed decays without and with flavor tags are summarized in Table 1 .
To determine the decay time difference, we measure the decay vertices of both B decays in each tagged event. For the CP decay, only the J/ψ → ℓ + ℓ − candidate is used to reconstruct the vertex. The resolution of this vertex in the beam (z) direction is around 40µm. The vertex of the flavor-tagged B is estimated by examining the tracks not associated with the CP decay, excluding tracks from identified K S . The tracks are fitted to a single vertex, using an iterative procedure to exclude tracks that fit poorly. The resolution of this measurement is limited not only by detector resolution but also by the event itself, which may contain secondary charm particles and thus not have a unique vertex. The resolution is found via Monte Carlo simulation to be about 85µm. The net resolution on the difference, ∆z, is 100µm. The decay time difference ∆t is calculated as the measured difference in the reconstructed z-coordinates, ∆z, divided by βγc (βγ = 0.425). The fitting function takes into account the root distribution of the signal (an analytic function), the fraction of incorrect flavor tags (assumed to be constant), background to reconstructed CP decays (both correctly and incorrectly tagged), and the resolution of ∆t, parametrized and assigned event-by-event.
It is important that the rate and distribution of incorrect flavor tags be evaluated accurately. The wrong tag fraction is measured using the same fitting method and data sample as the CP fit, but where a flavor-specific decay replaces the CP decay. 2w) 2 ǫ tag . To obtain the wrong tag fractions, each tag is evaluated separately. Efficiencies and effective efficiencies are summarized in Table 2 . Table 2 : Tagging efficiency (ǫ tag ), wrong tag fraction (w), and effective tagging efficiency (ǫ ef f ) for the flavor tagging methods.
The response function must account accurately for detector resolution and physics effects in data. Based on Monte Carlo studies, we use a response function that is a parametrized sum of two Gaussians and takes into account the detector resolution, the effect of mismeasured tracks, biases from finite lifetimes of charm particles, and the approximation ∆t = ∆z/βγc. The parameters are determined event-by-event, based on the quality of track fitting.
The response function may be tested by measuring known lifetimes. The charged and neutral B lifetimes were measured with the technique used for the CP asymmetry: B reconstruction on one side and a flavor tag on the other. The B's were reconstructed in exclusive hadronic and semileptonic modes. We obtain τ B 0 = 1.50±0.05±0.07 ps and τ B − = 1.70±0.06±0.11 ps, which are consistent with the most recent world averages[1], 1.548 ± 0.032 ps and 1.653 ± 0.028 ps. We also measure the neutral B mass difference ∆m d = 0.456 ± 0.008 ± 0.030 ps −1 in a dilepton analysis [2] . Figure 3 (right) shows a clear mixing oscillation in the net opposite/same-sign dilepton asymmetry as a function of ∆z. Figure 4 shows the distribution in data and the result of the fit for sinφ 1 with all tags combined, as well as the log-likelihood distributions for the CP= −1, CP= +1, and combined tags. We find [3] The mode B 0 → J/ψK 0 1 (1270){K 1 (1270) → K S ρ 0 }, is a CP eigenstate. We have made the first observations of decays B → J/ψK 1 (1270) using J/ψ reconstructed in the dilepton modes and K 1 (1270) → Kρ reconstructed in
The ∆E distributions for all analyzed modes are combined and fitted to obtain the net signal, 45.0 and B(B + → J/ψK
The CP eigenvalue of the mode B 0 → J/ψK * 0 (K * 0 → K S π 0 ) depends on the helicity of the K * . This mode could be useful for CP studies if its polarization favors one eigenstate. We reconstruct B → J/ψK
and find 176 candidates in 5.1 fb −1 of data. Their distributions in helicity and transversity are fitted to obtain [6] Γ L /Γ = 0.52 ± 0.06 ± 0.04 and |A ⊥ | 2 = 0.27 ± 0.11 ± 0.05.
These values indicate that CP -even states dominate in B 0 → J/ψK * 0 . The decay rates for B → D ( * ) K and B → D 0 K − {D 0 → f CP } are sensitive to φ 3 . Good separation of K from π is required to distinguish this decay from the much larger signal of the kinematically similar Cabibbo-favored decay B → D ( * ) π. Based on information from the aerogelČerenkov counter, dE/dx in the drift chamber, and time-of-flight, our Kaon identification parameter (KID) is a likelihood ratio that equals 1 (0) for strongly identified Kaons (pions). Clear evidence for the DK mode may be seen in the twodimensional distribution of ∆E vs. KID ( Figure 5 ). We measure the ratios
As the reconstructions of these decays are nearly identical, the systematic uncertainties other than those from identification of the π or K cancel in taking the ratio. We obtain [7] We have reconstructed many Kπ, ππ, and KK final states [8] . The results are summarized in Table 3 Table 3 : B decays to ππ, Kπ, and KK: yield, efficiency (ǫ), branching fraction (B), and upper limit (UL).
To summarize, the Belle experiment collected 6. 
